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Abstract
Objective: To determine the extent to which neighborhood needs (socioeconomic deprivation and
vehicle availability) are associated with two criteria of food environment access: 1) distance to the nearest
food store and fast food restaurant and 2) coverage (number) of food stores and fast food restaurants
within a specified network distance of neighborhood areas of colonias, using ground-truthed methods.
Methods: Data included locational points for 315 food stores and 204 fast food restaurants, and
neighborhood characteristics from the 2000 U.S. Census for the 197 census block group (CBG) study area.
Neighborhood deprivation and vehicle availability were calculated for each CBG. Minimum distance was
determined by calculating network distance from the population-weighted center of each CBG to the
nearest supercenter, supermarket, grocery, convenience store, dollar store, mass merchandiser, and fast
food restaurant. Coverage was determined by calculating the number of each type of food store and fast
food restaurant within a network distance of 1, 3, and 5 miles of each population-weighted CBG center.
Neighborhood need and access were examined using Spearman ranked correlations, spatial
autocorrelation, and multivariate regression models that adjusted for population density.
Results: Overall, neighborhoods had best access to convenience stores, fast food restaurants, and dollar
stores. After adjusting for population density, residents in neighborhoods with increased deprivation had
to travel a significantly greater distance to the nearest supercenter or supermarket, grocery store, mass
merchandiser, dollar store, and pharmacy for food items. The results were quite different for association
of need with the number of stores within 1 mile. Deprivation was only associated with fast food
restaurants; greater deprivation was associated with fewer fast food restaurants within 1 mile. CBG with
greater lack of vehicle availability had slightly better access to more supercenters or supermarkets, grocery
stores, or fast food restaurants. Increasing deprivation was associated with decreasing numbers of grocery
stores, mass merchandisers, dollar stores, and fast food restaurants within 3 miles.
Conclusion: It is important to understand not only the distance that people must travel to the nearest
store to make a purchase, but also how many shopping opportunities they have in order to compare price,
quality, and selection. Future research should examine how spatial access to the food environment
influences the utilization of food stores and fast food restaurants, and the strategies used by low-income
families to obtain food for the household.
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The economic and social burdens posed by nutrition-
related chronic health conditions (e.g., obesity, cardiovas-
cular disease, and diabetes) are tremendous. It is well
accepted that diet and nutrition influence health out-
comes; much of the research focus has been on the rela-
tionship between nutrient intakes and disease processes
[1]. The burden of nutrition-related conditions becomes
greater for marginalized populations that face greater vul-
nerability to food insecurity, poor nutritional health, and
adverse health outcomes [2]. One, such marginalized
population is Hispanic families who reside in colonias
along the Texas-Mexico border and are primarily poor.
Colonias, which were developed from subdivided agricul-
tural lands in response to a deficit in low-income housing
[3], are substandard residential areas with inadequate
roads, variable housing conditions (see Figure 1), and
drainage which frequently does not provide access to safe
water or sewer sources [4]. Almost 20% of these largely
Hispanic households have a female household head, and
half of all children are food insecure [5]. Almost 70% of
all colonias in the Lower Rio Grande Valley of Texas are
located in Hidalgo County, where the number of colonias
continues to grow [6]. Residents of colonias face great
structural and neighborhood disadvantage, such as inade-
quate roads, limited or non-existent public transporta-
tion, and poor access to community resources [7]. This
makes it particularly difficult for children and adults in
these areas to initiate or maintain healthy eating habits
that are critical for the prevention of disease conditions.
Ecological approaches to behavior change and health rec-
ognize that there is a dynamic interaction between the
individual and the environment [2,8,9]. For example, the
consumption of healthy foods, such as fruits and vegeta-
bles, are recommended for overall nutritional health;
however, they are often not easily accessible [10]. Local
food environments, which are a primary source for food
Photographs taken in three colonia neighborhoods in the study areaFigure 1
Photographs taken in three colonia neighborhoods in the study area.Page 2 of 17
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well-being through food cost and availability [11-14]. In
documenting a relationship between food access and
health, studies have used several proxy measures for
health: 1) access to fruits and vegetables or other healthy
foods, 2) intake of fruits and vegetables, and 3) prevalence
of obesity. In a Colorado study that involved data collec-
tion at multiple times, greater availability of produce was
associated with greater increase in fruit and vegetable serv-
ings [15]. In a review of 12 descriptive studies, Robinson
found that dietary behaviors and fruit and vegetable
intake among African Americans in the U.S. were the
result of several factors, including food access and availa-
bility [9]. Using data from the Atherosclerosis Risk in
Communities (ARIC) study, Morland and colleagues
found that regardless of race, fruit and vegetable intake
was higher in census tracts with more supermarkets [11].
Additional observational studies supported this relation-
ship [16-22]. In a study of urban New Orleans, Bodor and
colleagues found that greater availability of fresh vegeta-
bles in the neighborhood, regardless of type of store, was
associated with increased intake [23]. In contrast, a postal
survey conducted among 426 respondents to a postal sur-
vey (42.6% response rate) in the U.K. found that travel
distance to the nearest supermarket was not associated to
either fruit or vegetable consumption [24]. In two U.K.
natural experiments that involved the introduction of a
new supermarket in an area that previously had limited
access to food stores, the results were not consistent on a
relationship between food access and consumption
[25,26]. Morland and colleagues looked at the relation-
ship between food stores and obesity, using ARIC data,
and found that obesity was associated with lower num-
bers of supermarkets and higher numbers of convenience
stores within census tracts [27]. A large study in urban
areas of Massachusetts found a significant association
between environmental variables, such as presence of a
supermarket, and obesity [28]. When considering away-
from-home foods, such as fast food, Thomson and col-
leagues found a relationship between frequency of fast
food consumption and development of obesity among
U.S. girls [29].
However, the results of food environment studies from
the U.S., U.K., Canada, Australia, and New Zealand that
examined physical access to food stores are mixed. Some
studies determined that families who live in poorer areas
(e.g., lower socioeconomic or greater deprivation) or
minority neighborhoods have little or no access to super-
markets, where there are larger selections of healthy foods
(e.g., fruits, vegetables, low-fat dairy and meats) [12,30-
39]. Other studies found little or no difference in access to
supermarkets between deprived and affluent areas [32,40-
45], or better access to food stores from more deprived
neighborhoods [46-49]. Although the availability of
healthy foods in food stores or consumption of healthy
foods by residents is beyond the scope of this paper, it
stands to reason that proximity of local food environ-
ments may influence food choice and adherence to die-
tary recommendations through food cost and availability
[11-14,18,50].
Individual and community concerns with food security,
limited access to supermarkets, higher costs for food
(food price and transportation cost), and nutritional sta-
tus are receiving increased attention [12,18,51-53]. How-
ever, there has been limited study related to: 1) use of
multiple dimensions of spatial access to food stores, such
as proximity (minimum distance) and coverage (number
within a specified area), especially in the U.S.
[14,22,35,38,40,46,49,54]; 2) spatial equity – the distri-
bution of food resources in relation to population need
[46,55-59]; 3) the growing influence of convenience
stores and non-traditional food stores, such as mass mer-
chandisers (e.g., Target, Kmart, Wal-Mart) and dollar
stores on food availability [45,60]; and 4) the increased
reliance on fast-food meals for in-home and away-from-
home consumption [42,61,62].
Using network-based spatial measures, our primary objec-
tive was to determine the extent to which neighborhood
need is associated with spatial access to food stores and
fast food outlets in areas of colonias by 1) identifying and
geocoding all food stores and fast food outlets in a 197-
census block group (CBG) area of Hidalgo County, using
ground-truthed methods (direct observation and on-site
GPS); 2) determining network-based potential spatial
access using distance and coverage criteria; and 3) using
multivariate models to examine the relationship between
neighborhood need and potential spatial access to food
stores and fast food outlets.
Methods
Study Area
The study used data from the 2006–2007 Colonias Food
Environment Project (CFEP), which was approved by the
Institutional Review Board at Texas A&M University, and
the decennial 2000 U.S. Census Summary File 3 (SF-3).
The CFEP is a comprehensive study of the food environ-
ment that used ground-truth methods in 197 CBGs of
Hidalgo County in the Lower Rio Grande Valley of Texas
(see Figure 2). The land area for the study encompasses
772 mi2, and includes approximately 80% of all colonias
in the county. According to the 2000 U.S. Census, 88% of
the population in the study area self-identified as His-
panic/Latino; and more than 83% speak a language other
than English at home [63].Page 3 of 17
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Using a modified version of the 2002 North America
Industry Classification System (NAICS) definitions
[46,64], three overall categories of food stores were iden-
tified: traditional food stores included supercenters,
supermarkets, and grocery stores; convenience food stores
included convenience stores and food marts; and non-tra-
ditional food stores were mass merchandisers (e.g.,
Kmart, Target, and Wal-Mart), dollar stores, and chain
drug stores or pharmacies [65]. The following definitions
were used to classify specific types of food stores by out-
side observation. Supercenters or superstores are very
large stores that primarily engage in retailing a general line
of groceries in combination with general lines of new mer-
chandise, such as apparel, furniture, and appliances (e.g.,
Super Wal-Mart, Super Kmart). Although supermarkets
and grocery stores primarily engage in retailing a general
line of food, supermarkets are larger in size (>20,000 ft2),
number of employees, and sales volume [30]. In this
study, chain store identification and number of parking
spaces (>100) were used to distinguish supermarkets from
grocery stores [65]. Convenience stores or food marts pri-
marily engage in retailing a limited line of goods that gen-
erally includes milk, bread, soda, and snacks. The
convenience store category also included convenience
stores with gasoline and gasoline stations with conven-
ience stores. Mass merchandisers were large, general mer-
chandise "value" stores, such as Kmart, Target, and Wal-
Mart. Dollar stores are limited price general merchandise
"value" stores, such as Dollar General or Family Dollar
[66]. Pharmacies and drug stores that were part of
national chains were included (e.g., CVS, Walgreens). Fast
food restaurants were defined as limited-service restau-
rants where patrons order or select items and pay before
eating. Since the fast food category of restaurants is more
commonly associated with marketing less than healthy
food items, other restaurant categories, such as full-service
restaurants, which are seldom utilized by colonia residents
[67], were excluded from study [68-70]. Using ground-
truthed methods developed in a prior study and shown to
be more accurate than the use of readily available data
sources, food stores and fast food restaurants were identi-
fied by systematically driving all U.S., State, Farm-to-Mar-
ket, and city/town roads in the study area [46]. Global
Map of Texas and Hidalgo County study area with colonias neighborhoodsFigure 2
Map of Texas and Hidalgo County study area with colonias neighborhoods. Study area indicated by darkened border.Page 4 of 17
(page number not for citation purposes)
International Journal of Health Geographics 2009, 8:9 http://www.ij-healthgeographics.com/content/8/1/9Positioning System data were collected in front of each
location using a Bluetooth Wide Area Augmentation Sys-
tem (WAAS)-enabled GPS receiver and the latest World
Geodetic System 1984 (WGS 84) datum. Locational
points were determined after at least four satellite signals
were detected. WAAS-enabled GPS has been shown to be
significantly more accurate than typical, non-WAAS GPS
[71], with positional accuracy of <3 meters [72].
Potential Spatial Access
Neighborhoods were characterized by CBG, which repre-
sent the smallest geographic unit of the census from
which detailed "long form" social and economic data are
tabulated [73,74]. Two criteria of spatial access were cal-
culated from the population-weighted centroid (popula-
tion center) of each CBG [46,75]: 1) proximity, and 2)
coverage [40]. Proximity: ESRI's Network Analyst exten-
sion in ArcInfo 9.2 was used to calculate the shortest net-
work distance along the road network between paired
point data (population-weighted CBG centroid and the
nearest corresponding food store or fast food restaurant
within the study area). Separate distances were calculated
from each CBG to each type of shopping opportunity –
the nearest supercenter, supermarket, grocery store, con-
venience store, mass merchandiser, dollar store, phar-
macy, and fast food restaurant in miles. Since both
supercenters and supermarkets offer greater selections of
foods, especially healthy options, and lower prices than
other food store formats [14,76], an additional distance
measure was calculated to nearest supercenter or super-
market, which was defined as supercenters/supermarkets
[35]. Coverage: Network Analyst computed the total
number of each type of food store and fast food restaurant
within a one-mile, three-mile, and five-mile buffer, using
the shortest network distance from the population-
weighted center of each CBG. Since the study area is not a
large, highly dense urban area as much of the limited lit-
erature describes (e.g., Chicago, Detroit, Montreal, Los
Angeles) [35,40,50], coverage distances were selected that
represented a long walk (1 mile) and reachable by car
(within 3 and 5 miles). Proximity measured the shortest
distance needed to travel to a specific type of food store or
fast food restaurant, while coverage indicates the number
of shopping opportunities. More opportunities equates to
greater accessibility [77].
Neighborhood Need
Using the 2000 SF-3, two socioeconomic indicators were
used to estimate neighborhood need for access to food
stores and fast food restaurants: 1) neighborhood socioe-
conomic deprivation, and 2) the percentage of occupied
households without an available vehicle. Neighborhoods
with greater socioeconomic deprivation or lower vehicle
availability are likely to have a greater need for access to
food stores. An additional variable – population density
(total population per square mile) – was calculated to
characterize neighborhoods [35].
Neighborhood socioeconomic deprivation
Seven CBG socioeconomic measures were extracted from
the SF-3 that represented neighborhood unemployment,
telephone service, public assistance, complete kitchen,
complete plumbing, low education attainment, and pov-
erty. Using established procedures, CBG data were merged
and a factor analysis, using iterated principal factor
method (Release 9, 2005, Stata Statistical Software), was
constructed to reduce the number of linear combinations
and to identify an overall index of neighborhood socioe-
conomic deprivation [46,58,78-80]. One factor (eigen-
value 3.7) was identified and provided item loadings (in
parenthesis), which were used to weight each variable's
contribution to the deprivation summary score
[58,78,79]: percent unemployed (0.52), percent of house-
holds without telephone service (0.60), percent of fami-
lies receiving public assistance (0.70), percent of
households lacking complete kitchen facilities (0.79),
percent of households lacking complete plumbing facili-
ties (0.79), percent 25-years or older and with less than 10
years education (0.83), and percent living below the pov-
erty threshold (0.81). The internal consistency of this
measure was good (Cronbach's α = 0.79). The neighbor-
hood socioeconomic deprivation (deprivation) index was
standardized by dividing the index by the square of the
eigenvalue [58,81].
Statistical Analysis
Release 9 of Stata Statistical Software was used for all sta-
tistical analyses; p < 0.05 was considered statistically sig-
nificant. Descriptive statistics were estimated for the
accessibility and need indicators. Spearman rank correla-
tion method was used to test the direction and strength
between access criteria and need indicators. Because
nearby neighborhoods are more likely to have similar
access characteristics than distant ones, we examined spa-
tial nature of the data using spatial autocorrelation meas-
ures – i.e. how neighborhoods are spatially correlated in
terms of access to different food stores. Moran's I statistics,
one of the most commonly used measures of global spa-
tial autocorrelation, were obtained for both distance and
coverage methods of access measures. Spatial weight
matrix was constructed based on binary connectivity
(adjacency), and expected I, variance, and z-scores were
obtained to assess significance of the correlation in Geoda
[82]. Moran's I values range between -1 and 1, with values
near 1 indicating highly positive spatial autocorrelation of
similar access characteristics.
Finally, a single multivariate regression model was fitted
to determine the relationship of neighborhood need
(deprivation and vehicle availability) to potential spatialPage 5 of 17
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for population density. The multivariate model was cho-
sen instead of seven separate multiple regression models
(one for each outcome variable) for two reasons: 1) the
seven outcome variables are correlated with each other
and the multivariate regression accounts for this correla-
tion when testing hypotheses about the predictor varia-
bles; and 2) the final collection of models is easier to
interpret if the same predictor variables are identified for
all seven types of food stores and fast food restaurants.
Results
There were 315 food stores (21 traditional food stores,
255 convenience stores, and 39 non-traditional food
stores) and 204 fast food restaurants identified and geoc-
oded. Traditional food stores included 3 supercenters, 11
supermarkets, and 7 grocery stores, while non-traditional
food stores included 33 dollar stores, 4 mass-merchandis-
ers, and 2 pharmacies. Forty-four percent of the fast food
restaurants were national chains. Figures 3 and 4 show the
spatial distribution of food stores, fast food restaurants,
and CBG deprivation. Figure 3 shows that few food stores
are located in high deprivation areas. In contrast, Figure 4
shows that convenience food stores and fast food restau-
rants can be found in areas of high deprivation.
The distribution of neighborhood socioeconomic charac-
teristics shows diverse levels of neighborhood need in the
study area (Table 1). In data not shown, in 25% of the 197
CBG, at least 16% of households did not have an available
vehicle; and in 10% of CBG, at least 24% of households
were without an available vehicle. Table 1 also shows the
distribution of proximity and coverage. Considering both
proximity and coverage, neighborhoods had best access to
convenience stores, fast food restaurants, and dollar
stores.
Spatial distribution of traditional and non-traditional food stores using on-site GPS dataFigure 3
Spatial distribution of traditional and non-traditional food stores using on-site GPS data. Census block groups are 
shaded to indicate the level of deprivation.Page 6 of 17
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Table 2 shows the correlation between potential spatial
accessibility and need. Positive values of proximity coeffi-
cients denote greater minimum distance and poorer acces-
sibility; and positive values of coverage coefficients denote
greater diversity of shopping opportunities [40]. Accord-
ing to proximity criterion, neighborhoods of greater dep-
rivation had significantly better access to a convenience
store and poorer access to food from supercenters, grocery
stores, mass merchandisers, and pharmacies. Neighbor-
hoods with greater proportion of households without an
available vehicle had better access to food from a super-
center/supermarket, convenience store, dollar store, and
fast food restaurant. Considering both criteria of access,
the results were inconsistent for access to grocery stores
within one network mile; for more deprived neighbor-
hoods, the distance to the nearest grocery store was fur-
ther; access to multiple grocery stores within one mile was
better. However, as the distance from the neighborhood
increased, the relationship between deprivation and gro-
cery stores became consistent in direction with the dis-
tance measure. Within one network mile, neighborhoods
with a greater proportion of households without a vehicle
had a greater number of opportunities for food from
supermarkets, supercenter/supermarkets, grocery stores,
convenience stores, and fast food restaurants. This became
relatively fewer opportunities within 5 miles.
Accessibility to supercenters/supermarkets, convenience
stores, and fast food restaurants were mapped using both
proximity and coverage measures (Figures 5, 6, 7). Figure
5 shows similar inaccessibility to a supercenter or super-
market, using both measures. The nearest supercenter or
supermarket is more than 3.6 miles (one way) from 25%
of the CBG; more than 78% of CBG (n = 154) do not have
access to one supercenter or supermarket within one mile;
and 21.8% (n = 43) of CBG remain without access within
three miles. In data not shown, 70.6% of CBG (n = 139)
Spatial distribution of convenience food stores and fast food restaurants using on-site GPS dataFigure 4
Spatial distribution of convenience food stores and fast food restaurants using on-site GPS data. Census block 
groups are shaded to indicate the level of deprivation.Page 7 of 17
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Mean ± SD Median Minimum Maximum
Neighborhood Need
Neighborhood socioeconomic characteristics, %
Residents in poverty† 33.9 ± 16.1 34.0 0 69.0
Public assistance† 10.8 ± 7.1 10.2 0 38.6
Unemployment† 6.5 ± 3.5 6.1 0 18.2
Households with no telephone service† 2.8 ± 3.1 2.1 0 13.3
Households that lack complete plumbing facilities† 3.3 ± 4.4 1.5 0 27.5
Households that lack complete kitchen facilities† 2.9 ± 3.7 1.4 0 16.8
<10th grade education† 39.1 ± 18.3 42.5 2.8 74.0
Households without available vehicle 11.5 ± 9.5 8.4 0 53.0
Population density 3189.0 ± 2473.7 2528.9 22.1 11511.1
Spatial Accessibility
Proximity (minimum distance in miles)‡
Traditional Food Stores
Supercenter 5.93 ± 3.17 5.92 0.57 19.34
Supermarket 3.71 ± 2.70 3.02 0.15 14.06
Supercenter/Supermarket 2.84 ± 1.85 2.56 0.15 11.26
Grocery Store 5.11 ± 4.05 3.99 0.19 18.53
Convenience 1.03 ± 0.81 0.85 0.02 5.63
Non-Traditional Food Stores
Dollar Stores 2.03 ± 1.52 1.60 0.16 11.69
Mass Merchandisers 6.08 ± 3.82 6.01 0.28 17.58
Pharmacy 8.25 ± 6.50 6.43 0.50 27.70
Fast Food Restaurants 1.35 ± 1.19 0.97 0.09 7.51
Coverage – 1 Mile§
Traditional Food Stores
Supercenter 0.07 ± 0.25 0.00 0.00 1.00
Supermarket 0.17 ± 0.43 0.00 0.00 2.00
Supercenter/Supermarket 0.27 ± 0.55 0.00 0.00 2.00
Grocery Store 0.22 ± 0.60 0.00 0.00 2.00
Convenience Food Stores 2.99 ± 2.65 2.00 0.00 10.00
Non-Traditional Food Stores
Dollar Stores 0.56 ± 0.78 0.00 0.00 3.00
Mass Merchandisers 0.10 ± 0.40 0.00 0.00 2.00
Pharmacy 0.07 ± 0.25 0.00 0.00 1.00
Fast Food Restaurants 4.33 ± 5.46 2.00 0.00 24.00
Coverage – 3 Miles¶
Traditional Food Stores
Supercenter 0.28 ± 0.45 0.00 0.00 1.00
Supermarket 0.81 ± 0.72 1.00 0.00 3.00
Supercenter/Supermarket 1.19 ± 1.05 1.00 0.00 5.00
Grocery Store 0.73 ± 0.91 0.00 0.00 3.00
Convenience Food Stores 18.29 ± 7.98 18.00 0.00 39.00
Non-Traditional Food Stores
Dollar Stores 3.15 ± 2.15 3.00 0.00 9.00
Mass Merchandisers 0.60 ± 0.85 0.00 0.00 3.00
Pharmacy 0.41 ± 0.64 0.00 0.00 2.00
Fast Food Restaurants 20.73 ± 12.96 20.00 0.00 60.00
Coverage – 5 Miles#
Traditional Food Stores
Supercenter 0.56 ± 0.52 1.00 0.00 2.00
Supermarket 1.58 ± 1.27 1.00 0.00 5.00
Supercenter/Supermarket 2.31 ± 1.79 2.00 0.00 7.00
Grocery Store 1.64 ± 1.27 2.00 0.00 4.00
Convenience Food Stores 42.25 ± 15.40 43.00 0.00 82.00
Non-Traditional Food StoresPage 8 of 17
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within one mile; 29% of these CBG are considered high
deprivation. Figures 6 and 7 depict both measures for
access to convenience stores and fast food restaurants.
Overall, neighborhoods had better access to convenience
stores and fast food restaurants. However, more than 25%
(n = 50) CBG do not have a convenience store within one
mile; 49 of these CBG were also void of a supercenter,
supermarket, or grocery store within one mile (data not
shown). On the other hand, 75% of the study area had at
least 14 convenience stores and 12 fast food restaurants
within three miles. In data not shown, neighborhoods
with lower population density had greater distance to
nearest food store (all types) and fast food restaurant, and
had less coverage of food stores within 1-mile and 3-mile
buffers.
Moran's I and z-scores for minimum distance, and 1-, 3-,
5-mile coverage methods are presented in Table 3. Overall
we found evidence of spatial autocorrelation among
nearby neighborhoods. Moran's I values are relatively
higher for supercenters, supermarkets, grocery stores,
mass merchandisers, and pharmacies, and lower for
supercenter/supermarket, convenience store, dollar store,
and fast food restaurants. This implies that, at least for the
measure of proximity for supercenter/supermarket, con-
venience store, dollar store, and fast food restaurants,
areas with similar values are less likely to be clustered in
space. Based on the Moran's I values for the number of
stores within 1 mile, the inference of less clustering in
space for all stores could be made. However, we should be
cautious interpreting this because it may be due to the fact
that there are only small numbers of food stores within 1
mile.
Multivariate Models for Access
Multivariate linear regression models were used to exam-
ine the relationship between area deprivation, vehicle
availability and access to food stores and fast food restau-
rants, controlling for population density. Table 4 shows
that, adjusting for population density, residents in neigh-
borhoods with increased deprivation had to travel a sig-
Dollar Stores 7.05 ± 3.61 7.00 0.00 15.00
Mass Merchandisers 1.06 ± 1.13 1.00 0.00 3.00
Pharmacy 0.81 ± 0.90 0.00 0.00 2.00
Fast Food Restaurants 42.70 ± 23.53 43.00 0.00 96.00
* Values calculated for each of the CBG (census block group) in the study area (n = 197).
† Items included in the Neighborhood Socioeconomic Deprivation index
‡ Network distance calculated from the population-weighted centroid of each CBG
§ Number of food stores or restaurants within 1 network mile of the CBG population-weighted centroid
¶ Number of food stores or restaurants within 3 network miles of the CBG population-weighted centroid
# Number of food stores or restaurants within 5 network miles of the CBG population-weighted centroid
Table 1: Neighborhood need indicators and spatial accessibility to food stores and fast food restaurants* (Continued)
Table 2: Spearman ranked correlations between potential spatial accessibility and neighborhood need
Proximity Coverage
One Mile Three Mile Five Miles
Deprivation Vehicle Deprivation Vehicle Deprivation Vehicle Deprivation Vehicle
Traditional FS
Supercenter 0.169* 0.105 0.019 0.125 -0.054 0.052 -0.173† -0.215†
Supermarket 0.044 -0.134 0.044 0.144* -0.028 0.108 -0.223‡ -0.171†
Supercenter/Supermarket 0.046 -0.223‡ 0.053 0.214‡ -0.043 0.142 -0.278‡ -0.228‡
Grocery 0.253‡ -0.080 0.208‡ 0.347‡ -0.289‡ -0.023 -0.442‡ -0.058
Convenience -0.245‡ -0.271‡ 0.110 0.177† -0.099 -0.056 -0.297‡ -0.297‡
Non-Traditional FS
Dollar Store 0.105 -0.178† -0.052 0.073 -0.373‡ -0.137 -0.409‡ -0.263‡
Mass Merchandiser 0.398‡ 0.166* -0.201† -0.082 -0.444‡ -0.126 -0.406‡ -0.171*
Pharmacy 0.472‡ 0.159† -0.087 -0.001 -0.404‡ -0.097 -0.468‡ -0.171*
Fast Food Restaurants -0.044 -0.237‡ -0.083 0.203† -0.364‡ -0.064 -0.404‡ -0.255‡
NOTE: Higher values (positive numbers) of proximity denote poorer accessibility; higher values (positive numbers) of coverage denote greater 
accessibility.
Bold values indicate statistical significance.
Deprivation, Neighborhood Socioeconomic Deprivation; Vehicle, % households without an available vehicle; FS, Food Store
*p < 0.05 for correlation between accessibility and need
†p < 0.01 correlation between accessibility and need
‡p < 0.001 correlation between accessibility and needPage 9 of 17
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supermarket, grocery store, mass merchandiser, dollar
store, and pharmacy. The results were quite different for
association of need with the number of stores within 1
mile (Table 5). Deprivation was only associated with fast
food restaurants; greater deprivation was associated with
a fewer number of fast food restaurants within 1 mile.
CBG with greater lack of vehicle availability had slightly
better access to more supercenters/supermarkets, grocery
stores, or fast food restaurants. Vehicle availability was not
associated with variety of food venues within 3 miles
(Table 6); however, increasing deprivation was associated
with decreasing numbers of grocery stores, mass merchan-
disers, dollar stores, and fast food restaurants within 3
miles.
Discussion
This study extends our understanding of spatial access to
food resources from neighborhoods that are more socio-
economically deprived or have greater proportions of
households without available transportation by examin-
ing two dimensions of access: 1) proximity (distance) to
the nearest food store or fast food restaurant and 2) cover-
age (number) of food stores or fast food restaurants
within a specified distance [40]. In contrast to studies that
narrowly define the food environment as supermarkets
and/or fast food restaurants [38], our examination of
access from primarily colonia neighborhoods in an area of
high or persistent poverty along the South Texas border
with Mexico focuses on all food stores (i.e., supercenters,
supermarkets, grocery stores, convenience stores, mass
Neighborhood accessibility of supercenter/supermarket using minimum distance to the nearest location and variety (number of locations within 1- and 3-mile network distanc )Figure 5
Neighborhood accessibility of supercenter/supermarket using minimum distance to the nearest location and 
variety (number of locations within 1- and 3-mile network distance). CBG are shaded to indicate relative distance 
(darker = greater distance) and variety (darker = greater variety).Page 10 of 17
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food restaurants.
Overall, neighborhoods had the best spatial access to a
convenience store or fast food restaurant, both in the dis-
tance to the nearest convenience store or fast food restau-
rant and in the number of shopping opportunities at
convenience stores or fast food restaurants within a cer-
tain distance of the neighborhood. Among traditional
food stores, supercenter/supermarket provided greater
proximity and coverage than any individual type of tradi-
tional food store. When neighborhood deprivation was
considered, the results differed between proximity-deter-
mined and coverage-determined access. Using distance to
the nearest store as a measure of access, CBG with
increased deprivation were correlated with poor access to
the nearest supercenter or grocery and good access to a
convenience store. More limited availability of a vehicle
was correlated with better proximity to a supercenter/
supermarket, convenience store, dollar store, and fast
food restaurant. However, after controlling for population
density, increased deprivation was associated with greater
distance to the nearest supercenter/supermarket, grocery
store, mass merchandiser, dollar store, and pharmacy.
Vehicle availability was not associated with any food store
or fast food restaurant. This suggests that neighborhoods
with greater need have poorer spatial access to the type of
stores where greater selections and lower prices are availa-
ble [83].
Initially, study results of coverage criterion showed that
neighborhoods of greater deprivation were associated
with better access to grocery stores within 1-network mile,
which is opposite of the relationship using proximity. As
the buffer distance increased, food store and fast food res-
taurant access declined with increasing deprivation. For
Neighborhood accessibility of convenience stores using minimum distance to the nearest location and variety (number of loca-tions within 1- nd 3-m e netw rk distance)Figure 6
Neighborhood accessibility of convenience stores using minimum distance to the nearest location and variety 
(number of locations within 1- and 3-mile network distance). CBG are shaded to indicate relative distance (darker = 
greater distance) and variety (darker = greater variety).Page 11 of 17
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access to food stores and fast food restaurants was greater
within a 1-mile buffer, and reverse with increasing dis-
tance. After controlling for population density, neighbor-
hoods of increased deprivation had access to fewer fast
food restaurants within 1-network mile; none of the food
stores was significant. At the same distance, neighbor-
hoods with decreasing vehicle availability were more
likely to have more supercenter/supermarkets, grocery
stores, or fast food restaurants within one mile. At three
miles, increasing deprivation was associated with fewer
grocery stores, mass merchandisers, dollar stores, pharma-
cies, and fast food restaurants; all controlled for popula-
tion density. At this same distance, vehicle availability was
not associated with any aspect of the food environment.
Regardless of measure, access to the food environment,
especially to supercenter/supermarkets, where the largest
selections of affordable healthy foods are marketed [84],
was a major problem for many residents of colonia neigh-
borhoods in South Texas. Access in terms of distance to
the nearest food store and the variety of stores within a
given area was relatively better to convenience stores and
fast food restaurants, where the opportunities for healthy
foods are limited [65,85]. This study found similar pic-
tures of spatial distribution for proximity and coverage.
The value of using both measures is in the disparate infor-
mation that each provides. Proximity provides a measure
of network distance to the nearest store of a specific type.
This can also provide a sense of travel time from starting
point. Coverage describes choice; that is, the number of
stores and potential difference in selection and/or price
that are available within a given area.
Unlike much larger urban areas [35,40], none of the
neighborhoods in this study had more than two super-
Neighborhood accessibility of fast food restaurants using minimum distance to the nearest location and variety (number of locations within 1- and 3-mile netw rk distance)Figure 7
Neighborhood accessibility of fast food restaurants using minimum distance to the nearest location and vari-
ety (number of locations within 1- and 3-mile network distance). CBG are shaded to indicate relative distance (darker 
= greater distance) and variety (darker = greater variety).Page 12 of 17
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have more than three within three miles. Being able to
walk to a supermarket was out of the question for almost
all the neighborhoods in this study. This compares with
more urban areas in which a supermarket is walkable
[38,40,42]. The difference in population density may
explain much of this; for example, the Zenk study in
Detroit estimated a median population density of 5367.4
while this study reports a median of 2528.9 [35].
Strengths
There are several major strengths to this study, especially
in relation to other studies. Instead of using a single meas-
ure of access, usually the distance to the nearest supermar-
ket [35,46,86], this study used two different criteria of
accessibility [40,49]. Unlike prior studies that focused on
supermarkets [17,35,40,49,87], this study extends our
understanding of potential spatial access of neighbor-
hoods to a dramatically changing food environment. One
example of the type of changes that continue to occur is
referred to as channel blurring, whereby retail stores have
extended their product mix into food categories not previ-
ously carried [60,88]. For example, convenience stores
have extended their offerings of food items; supercenters
have expanded; and growing assortments of shelf-stable
and refrigerated food items have been added to dollar
stores and mass merchandisers. As a result, this study
presents a comprehensive look at the food environment
and acknowledges the presence and contribution of dif-
ferent food store formats to the accessibility of food items.
The exclusion of convenience stores, supercenters, dollar
stores, and mass merchandisers would understate the
availability of food items [65]. This is one of the few stud-
ies that used ground truthing to identify and collect on-
site GPS data for all food stores and fast food restaurants
within the study area. This approach provides a more
complete and accurate depiction of the food environment
than data from secondary sources [46]. In this study, we
were able to better account for population distribution,
thus minimize aggregation errors, by using population-
Table 3: Spatial autocorrelation statistics for accessibility measures (distance and coverage)
Distance to the nearest 
(in miles)
Number of stores within 1 
network mile
Number of stores within 3 
network miles
Number of stores within 5 
network miles
Moran's I Z-score Moran's I Z-score Moran's I Z-score Moran's I Z-score
Supercenter 0.47 11.52 0.18 3.89 0.40 8.56 0.48 10.96
Supermarket 0.50 10.41 0.25 5.66 0.52 12.06 0.62 13.53
Supercenter/
supermarket
0.24 5.46 0.20 4.53 0.50 11.08 0.62 14.17
Grocery 
store
0.61 13.57 0.19 4.49 0.67 14.60 0.71 15.69
Convenience 
store
0.23 5.37 0.29 6.32 0.42 9.34 0.41 9.73
Mass 
merchandiser
0.70 15.17 0.17 3.95 0.69 15.57 0.66 14.97
Dollar store 0.32 7.19 0.39 8.28 0.58 12.59 0.62 13.69
Pharmacy 0.73 15.74 0.21 4.86 0.71 15.35 0.83 17.51
Fast food 
restaurant
0.20 4.51 0.30 6.94 0.59 12.90 0.66 14.59
Table 4: Association between proximity and need, using multivariate linear regression
Access as network distance to the nearest
Supercenter/
Supermarket
Grocery Store Convenience 
Store
Mass 
Merchandiser
Dollar Store Pharmacy Fast Food 
Restaurant
Need variable b (SE) b (SE) b (SE) b (SE) b (SE) b (SE) b (SE)
Deprivation 0.133 (0.053)† 0.475 (0.115)‡ -0.031 (0.025) 0.537 (0.105)‡ 0.121 (0.041)† 1.061 (0.161)‡ 0.053 (0.034)
No Vehicle -0.029 (0.016) -0.024 (0.035) -0.005 (0.007) 0.012 (0.032) -0.015 (0.012) 0.032 (0.049) -0.009 (0.010)
R2 0.204 0.213 0.085 0.252 0.274 0.397 0.206
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
NOTE: In this model, the seven equations were simultaneously estimated, controlling for population density. All variable entered as continuous. 
Results are reported as multivariate-adjusted b (SE). Statistically significant variables are indicated as: *<0.05 †<0.01 ‡<0.001Page 13 of 17
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measures using network distance in calculating both min-
imum distance and coverage areas [46,77].
Limitations
This study has several limitations. The distance measure-
ment describes shopping opportunities; that is, what is
potentially accessible, but does not include where people
choose to shop for food items. Although public transpor-
tation is not available in all areas, available transportation
routes were not included. Distance measures assume that
the home is the starting point; however, individual start-
ing points vary and may include different activities as the
beginning of multiple stops that include grocery shopping
[89]. Finally, the results of this study may not be general-
ized to other areas.
Conclusion
Access and availability to the food environment will play
a pivotal role for the nutritional health of families, espe-
cially among the increasing Hispanic population within
neighborhoods of colonias. Many of these neighborhoods
experience overall socioeconomic deprivation; many are
home to large proportions of residents who have a low
household income, are unemployed, or lack access to a
vehicle. The lack of public transportation, especially in
many of the areas, further marginalizes a large, disadvan-
taged population and limits their options for food
resources. Indeed, it is difficult to initiate or maintain
healthful eating habits without access to healthy foods.
Knowing more about the food environment is essential
for combining environmental approaches with traditional
health interventions to make it easier for individuals to
make healthier food choices [90]. The preparation for pol-
icy change to strengthen food assistance programs or pro-
gram delivery activities, or interventions to improve
nutritional health should include an understanding of the
community – where people live and where they shop for
food [90]. Additionally, it is important to understand not
only the distance that people must travel to the nearest
store to make a purchase, but also how much diversity in
stores they have in order to compare price, quality, and
selection. Future research should examine how spatial
access to the food environment influences the utilization
of food stores and fast food restaurants, and the strategies
Table 5: Association between 1-mile coverage and need, using multivariate linear regression
Access as coverage within 1-mile network buffer
Supercenter/
Supermarket
Grocery Store Convenience 
Store
Mass 
Merchandiser
Dollar Store Pharmacy Fast Food 
Restaurant
Need variable b (SE) b (SE) b (SE) b (SE) b (SE) b (SE) b (SE)
Deprivation -0.008 (0.017) 0.025 (0.116) 0.101 (0.080) -0.027 (0.012) -0.030 (0.024) -0.001 (0.008) -0.429 (0.161)†
No Vehicle 0.013 (0.005)* 0.018 (0.005)‡ 0.012 (0.024) -0.004 (0.004) 0.007 (0.007) -0.004 (0.002) 0.118 (0.049)*
R2 0.077 0.266 0.095 0.077 0.067 0.094 0.147
P 0.001 <0.001 <0.001 <0.010 <0.010 <0.001 <0.001
NOTE: In this model, the seven equations were simultaneously estimated, controlling for population density. All variable entered as continuous. 
Results are reported as multivariate-adjusted b (SE). Statistically significant variables are indicated as: *<0.05 †<0.01 ‡<0.001
Table 6: Association between 3-mile coverage and need, using multivariate linear regression
Access as coverage with 3-mile network buffer
Supercenter/
Supermarket
Grocery Store Convenience 
Store
Mass 
Merchandiser
Dollar Store Pharmacy Fast Food 
Restaurant
Need variable b (SE) b (SE) b (SE) b (SE) b (SE) b (SE) b (SE)
Deprivation -0.041 (0.033) -0.105 (0.027)‡ -0.078 (0.250) -0.154 (0.022)‡ -0.265 (0.061)‡ -0.084 (0.018)‡ -1.830 (0.361)‡
No Vehicle 0.013 (0.010) 0.007 (0.008) -0.089 (0.237) 0.003 (0.007) -0.004 (0.018) -0.0004 (0.005) 0.075 (0.109)
R2 0.041 0.167 0.038 0.318 0.200 0.229 0.241
P 0.046 <0.001 0.059 <0.001 <0.001 <0.001 <0.001
NOTE: In this model, the seven equations were simultaneously estimated, controlling for population density. All variable entered as continuous. 
Results are reported as multivariate-adjusted b (SE). Statistically significant variables are indicated as: *<0.05 †<0.01 ‡<0.001Page 14 of 17
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obtain food for the household.
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